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Description 

BACKGROU ND OF THE INVFMTIOM 

1 • Field of the Invention - The present invention per- s 
tains to a cardioverter defibrillator, and more partic- 
ularly, to an improved dual battery power system for 
use with an implantable cardioverter defibrillator. 
2 - Background of the Invention - Implantable cardi- 
overter defibrillators have several unique battery 10 
requirements, as compared to other implantable 
products. An implantable cardioverter defibrillator 
demands a battery with the following general char- 
acteristics: very high reliability, highest possible 
energy density (i.e. , small size), extremely low self- is 
discharge rating (i.e., long shelf life), very high cur- 
rent capability, high operating voltage, and high 
sealability (i.e., no gas or liquid venting). 

Some of these parameters have some measure of 20 
mutual exclusivity, making it difficult to optimize the bat- 
tery or electronics without making compromises to the 
design of the implantable device. In its monitoring 
mode, the implantable cardioverter defibrillator requires 
the battery to deliver continuous currents in the range of 25 
only 1 0 - 30 jiA. while in its defibrillation mode, the same 
battery must deliver currents in the range of one to two 
amps, some five orders of magnitude greater than the 
current required for the monitoring mode. 

Presently, all manufactured implantable cardio- 30 
verter defibrillators use a single battery system to power 
the implantable device. The longevity of an implanted 
cardioverter defibrillator with a single battery conf igura- 
tion and the number of shocks the defibrillator is capa- 
ble of delivering are strictly dependant on the remaining '35 
battery capacity at any given time. As the device ages, 
its ability to deliver an adequate number of def ibrillating 
shocks declines as the battery is depleted by the moni- 
toring electronics. Similarly, if a patient receives a large 
number of shocks soon after implant, the remaining 40 
monitoring life is reduced. Thus, it is difficult to assess 
the condition of the battery and its remaining useful life 
after it has been in use for a period of time. 

A further disadvantage of the single battery config- 
uration is that the ideal voltage requirements for the 45 
monitoring and output functions are opposite. For the 
monitoring function, it is desirable to use the lowest pos- 
sible voltage that the circuits can operate reliably with in 
order to conserve energy. This is typically in the order of 
1 .5 - 3.0 V. On the other hand, the output circuit works so 
most efficiently with the highest possible battery voltage 
in order to produce firing voltages of up to about 750 V. 

All existing manufactured implantable cardioverter 
defibrillators have compromised between these two 
demands by using a single battery system or configura- ss 
tion which is typically comprised of two lithium silver 
vanadium pentoxide cells electrically connected in 
series to produce an output battery voltage of about 6 V. 
The battery voltage must be elevated via an inverter cir- 



cuit to the firing voltage of about 750 V. The net result is 
that power is wasted in both the monitoring and output 
circuits because the monitoring circuit which requires 
only 2-3 V must operate from a relatively high 6 V 
source, and the output circuit whose efficiency is a func- 
tion of the supply voltage must operate from the rela- 
tively low 6 V source. 

At least two previous development attempts have 
been made to avoid some of the problems inherent in 
using a single battery system configuration for an 
implantable cardioverter defibrillator. In the Medtronic 
Model 2315, lithium thionyl chloride batteries were 
employed for the high-voltage charging circuit and lith- 
ium manganese dioxide batteries were used for the 
remaining low voltage circuitry. Similarly, the Telectron- 
ics Model 4201 intially tried to employ separate batter- 
ies for the low voltage circuits (lithium iodine) and high- 
voltage circuits (lithium silver vanadium pentoxide). 
Troop, P.J., "Implantable Cardioverters and Defibrilla- 
tors ". Current Problems in Cardinlngy Vol. XIV, No. 12 
(Dec. 1989), pp. 703-04. Unfortunately, neither of these 
devices resulted in practical, manufactured implantable 
cardioverter defibrillators and the dual battery approach 
was abandoned in both cases. 

U.S. Patent 4 548 209 discloses an implantable 
pacer-cardioverter for detecting arrhythmias and gener- 
ating pacing and cardioverting stimulus pulses. The 
power source includes two different batteries, one of 
which consisting of two lithium thionyl chloride cells con- 
nected in series to supply the cardioversion power cir- 
cuit and the pacer power circuit, whereas the other 
battery comprises a lithium iodine cell to provide the 
power for the remaining sensing and control circuits. 

While single battery systems have proved workable 
for implantable cardioverter defibrillators, the use of a 
single battery system necessarily involves a compro- 
mise between the ideal power supplies which would oth- 
erwise be used for the various types of circuitry within 
the implantable cardioverter defibrillator. Accordingly, it 
would be desirable to provide for an improved dual bat- 
tery power system for an implantable cardioverter defi- 
brillator which avoids the need for the compromises 
required of single battery systems, and which over- 
comes the problems of earlier attempts at dual battery 
systems. 

SU MMARY OF THE INVENTION 



The invention is concerned with an improved dual 
battery power system which involves the use of two sep- 
arate battery power sources for an implantable cardio- 
verter defibrillator, each having optimized 
characteristics for monitoring functions and for output 
energy delivery functions, respectively. The monitoring 
functions are supplied electrical power by a first battery 
source, such as a conventional pacemaker power 
source, e.g. in the form of a pair of lithium iodide battery 
cells, which is optimized for long life at very low current 
levels. The output energy delivery functions are sup- 
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plied by a separate second battery source, such as a 
pair of lithium silver vanadium pentoxide battery cells, 
which is optimized for high current drain capability and 
low self-discharge for long shelf life. The first battery 
source provides electrical power only to the monitoring 5 
functions of the implantable cardioverter defibrillator, 
and the second battery source provides all of the elec- 
trical power for the output energy delivery functions. 

The present invention advantagely includes backup 
protection means whereby energy from the output 10 
power source battery can be used to power the monitor- 
ing circuitry in the event that the monitoring power 
source battery ceases to function. 

With the improved dual battery system configura- 
tion of the present invention, the minimum expected is 
monitoring life of an implantable cardioverter defibrilla- 
tor is independent of the amount of electrical pulse ther- 
apy delivered by the device, such as the number of 
cardioversion/defibrillation countershocks or the 
amount of pacing. As a result, the end of the minimum 20 
useable lifespan of the first battery source is highly pre- 
dictable based on steady state current drain calcula- 
tions. The lifespan of the second source battery source 
is also amenable to calculation based upon the number 
and amount of energy levels of previously delivered 25 
electrical pulse therapies. 

An advantage of the present invention is that each 
battery source voltage can be optimized for the particu- 
lar circuit wherein it is used. The first battery source is 
preferably a relatively low current, low voltage source, 30 
from 1.5 to 3.0 V typically; whereas the second battery 
source is preferably comprised of as high of a current 
and voltage as battery chemistry and battery packaging 
efficiencies allow, typically ranging from 6 to 1 8 V. 

Unlike existing implantable cardioverter defibrilla- 35 
tors, a preferred embodiment of the present invention 
utilizes a separate hardware-based, low-power monitor- 
ing circuitry to monitor for certain wake-up conditions 
which will then activate the output delivery circuitry 
which includes a microprocessor that performs further 40 
detection and, if necessary, selects an appropriate car- 
dioversion/defibrillation therapy to be delivered. The 
output delivery circuitry includes additional hardware 
circuitry that, when enabled, can deliver pacing therapy 
pulses with energy supplied from the output power 45 
source battery without the need to wake the microproc- 
essor. 

Because the two batteries can be optimized for 
their particular functions, different assumptions about 
the total energy requirements of the implantable cardio- so 
verier defibrillator can be made. For example, all exist- 
ing manufactured implantable cardioverter defibrillators 
provide power systems which are designed to supply an 
initial number of defibrillation countershocks of at least 
250 shocks. In a single battery system, even when no ss 
shocks are delivered, the number of remaining shocks 
in the device decreases with age due to the fact that the 
energy for the monitoring functions are drawn from this 
battery. In the present invention, assuming good charge 



retention of the output battery, essentially no energy is 
drawn from the output battery until an electrical pulse 
therapy is delivered. Consequentially, one advantage of 
the dual battery system of the present invention is that a 
smaller initial number of defibrillation countershocks is 
required to maintain the same minimum expected life 
span for the device, thereby allowing a reduction in the 
overall size of the implanted device. 
Still other advantages include a greater longevity pro- 
vided for by lower energy drain by the monitoring cir- 
cuitry, the simplified circuit design that results in a 
decrease in the risk of high internal currents causing 
interference to other parts of the low current monitoring 
and control circuitry, and the ability to use rechargeable 
batteries. 

BRIEF DESCRIPTION OF THE DRAWING 

FIG. 1 illustrates a block diagram of a single battery 
system for an implantable cardioverter defibrillator; 
FIG. 2 illustrates a block diagram of the dual battery 
system of the present invention for an implantable 
cardioverter defibrillator; 

FIG. 3 illustrates a block diagram of the dual battery 
system of the present invention using a rechargea- 
ble inserter/output battery; 
FIGS. 4a, 4b, 4c, 4d and 4e are graphs comparing 
the predicted lifespan of an implantable cardio- 
verter defibrillator having a single battery system 
and a dual battery power system; and 
FIGS. 5a and 5b is a schematic diagram of a pre- 
ferred embodiment of the present invention. 
FIG. 6 is a detailed schematic diagram of the 
backup feature of the embodiment of the present 
invention shown in FIGs. 5a and 5b. 

DESCRIPTION OF THE PREFERRED EMBODIMENT 

FIG. 1 illustrates a single battery system for an 
implantable defibrillator system 10 including a single 
battery 12, which provides power both to a monitoring 
circuit 14 and an inverter/output circuit 16 simultane- 
ously. The monitoring circuit 14 and the inverter/output 
circuit 16 are interconnected to each other, and to two or 
more implanted electrodes 18 located on, near or in a 
heart 20. The implanted electrodes 18 include appropri- 
ate leads and sensors to monitor the electrical activity of 
the heart 20 and to deliver an appropriate electrical 
therapy to the heart 20 in the event that the monitoring 
circuit detects a cardiac arrhythmia. As discussed in the 
background of the invention, the electrical size of the 
single battery 12 may be excessive in relation to the cir- 
cuit requirements of the monitoring circuit 14, and mar- 
ginal or even somewhat lacking in electrical size in 
relation to the circuit requirements of the inverter/output 
circuit 16. 

FIG. 2 illustrates a block diagram of the dual battery 
system 30 for an implantable defibrillator of a preferred 
embodiment of the present invention. A battery 32 of 
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appropriate voltage and physical size connects to and 
powers a monitoring circuit 34 only. Another battery 36 
of appropriate voltage and physical size connects to and 
powers the inverter/output circuit 38 only. The monitor- 
ing circuit 34 and the inverter/output circuit 38 each con- 
nect to two or more implanted electrodes 40 on, near or 
in a heart 42. The monitoring circuit 34 also connects to 
and triggers the inverter/output circuit 38. The batteries 
32 and 36 are optimally sized electrically and physically 
to provide for the most efficient operation for their 
respective circuitry. 

FIG. 3 illustrates a dual battery system 50 for an 
implantable defibrillator of an alternate embodiment of 
the present invention where the batteries are recharge- 
able. A battery 52 of appropriate voltage and physical 
size connects to and powers a monitoring circuit 54 
only. Another battery 60, which is rechargeable and of 
appropriate voltage and physical size connects to and 
powers the inverter/output circuit 62 only. Charging of 
the battery 60 occurs by a radio frequency inductive link 
between an external charger circuit 68 and an 
implanted recharge circuit 70. A coil 72 connects with 
the external charger circuit 68 and transmits RF energy 
from the coil 72 through the epidermis 76 where it is 
received by an implanted coil 74. The coil 74 supplies 
RF energy to the recharge circuit 70 so that the battery 
60 may be charged. 

In operation, as in FIG. 2, the monitoring circuit 54 
and the inverter/output circuit 62 each connect to two or 
more implanted electrodes 64 on, in or near a heart 66. 
The monitoring circuit 54 also connects to and triggers 
the inverter/output circuit 62. The batteries 52 and 60 
are optionally sized electrically and physically to provide 
for the most efficient operation. In this configuration, the 
device has a finite and predictable monitoring life based 
upon the capacity of the primary monitoring battery 52, 
and an infinite life for the output power surface battery 
60 based on a theoretically perfect secondary recharge- 
able battery that only needed to be recharged after a 
predetermined number of electrical pulse therapies 
were delivered. Optionally, the battery 52 which powers 
the monitoring circuit 54 can also be rechargeable and 
would also include another similar RF inductive charg- 
ing link as used for the rechargeable battery 60. 

A preferred mode of operation of the implantable 
cardioverter defibrillator shown in FIG. 2 is dependent 
upon the monitoring circuit 34 and the inverter/output 
circuit 38. In the event that the monitoring circuit 34 
detects a wake-up condition, for example, the monitor- 
ing circuit 34 wakes up a microprocessor-based circuit 
in the inverter/output circuit 38 to respond to the wake- 
up condition. In the event that the monitoring circuit 34 
is programmably enabled for pacing detection, and the 
monitoring circuit 34 detects a pacing condition, the 
monitoring circuit enables a hardware-based pacing cir- 
cuit portion of the inverter/output circuit 38 to deliver a 
pacing pulse using energy from the battery 36. It will be 
noted that many different variations in conditions 
detected by the monitoring circuit 34 and types of 
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responses provided by the inverter/output circuit 38 are 
possible, and it is intended that such combinations are 
within the scope of the present invention. 

In one embodiment, a microprocessor with an RC 
gated oscillator circuit that is controlled by the micro- 
processor within the inverter/output circuit 38 imple- 
ments a wake-up control that can respond to the wake- 
up conditions. The wake-up conditions handled by the 
microprocessor based circuit in the inverter/output cir- 
cuit 38 include, for example, a tachycardia threshold 
determination, a telemetry indication, or a timer condi- 
tion. In the case of the tachycardia threshold determina- 
tion, for example, threshold determination circuitry in 
the monitoring circuit 34 detects the occurrence of 3 
consecutive R-waves at a rate faster than a predeter- 
mined programmable rate. In response, the monitoring 
circuit 34 wakes-up the microprocessor in the 
inverter/output circuit 38, which verifies that a cardiac 
arrhythmia is occurring and selects an appropriate elec- 
trical pulse therapy. If an electrical pulse therapy is to be 
delivered, the battery 36 would charge the inverter/out- 
put circuit 38 to deliver one or more high voltage cardio- 
version/defibrillation countershocks. If the wake-up 
condition was a telemetry indication, then the micro- 
processor circuit of the inverter/output circuit 38 might 
"output" a telemetry response, for example, rather than 
a electrical pulse therapy response. Alternatively, if the 
microprocessor circuit of the inverter/output circuit 38 
determines that no action is required in response to the 
wake-up condition, then no "output" may be generated 
in response and the microprocessor would turn off the 
RC gated oscillator circuit, thereby shutting off the clock 
to the microprocessor. 

One important feature which distinguishes the 
improved dual battery system 30 from the previous 
attempts to implement dual battery systems is that the 
division of labor between the battery 32 and the battery 
36 is not based on low voltage output vs. high voltage 
output, but rather is based on monitoring functions vs 
output functions. In the two dual battery systems 
described in the background art section, all of the low 
voltage circuitry of the implantable cardioverter defibril- 
lator was powered from a low voltage battery. As a 
result, both the monitoring function (which typically 
operate on 3 V levels), as well as the pacing therapy 
output functions (which typically operate on 6 V levels), 
were designed to derive their energy from the low volt- 
age battery. The end result of this type of arrangement 
is that the life of the low voltage battery is totally 
dependant upon the amount of pacing therapy which 
may be delivered by the device and, thus, the minimum 
effective life of the device is effectively unknown. 

In contrast, the improved dual battery power sys- 
tem of the present invention takes all of its "output- 
energy from the output battery 36. For example, the 
present invention does not take the energy for pacing 
therapy from the monitoring battery 32, but rather from 
the output battery 36. As a result, the monitoring 
lifespan of an implantable defibrillator in accordance 
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with the present invention is known and calculable 
based on the specifications of the monitoring battery 32. 
Without a known lifespan of the device, it is simply not 
possible to provide a viable implantable defibrillator, as 
evidenced by the fact that both of the previous attempts 
at dual battery systems which did not have known 
lifespans for the monitoring circuitry were unsuccessful 
and did not result in manufactured implantable cardio- 
verter defibrillators. 

Referring now to FIGs. 4a-4e, a comparison 
between the electrical pulse therapy outputs and the 
longevity of the implantable cardioverter defibrillator is 
shown under various assumptions for a single battery 
system 100 and the improved dual battery system 102 
of the present invention. One of the advantages of the 
present invention is that a smaller initial number of 
countershocks is required in order for the implantable 
cardioverter defibrillator to have the same minimum 
effective life span as a device with a single battery 
power system. This, in turn, decreases the overall 
power requirements, and, hence, the total size of the 
implantable cardioverter defibrillator. In the preferred 
embodiment, an additional advantage of having a more 
optimum discharge capacitor system in the implantable 
cardioverter defibrillator of a preferred embodiment also 
reduces the overall power requirements for the dual bat- 
tery system of the present invention. For a more 
detailed explanation of the relationship between the 
therapies provided by the device and the power require- 
ments and size of the device in the preferred embodi- 
ment, reference is made to WO-A-94/00193, which is a 
document falling under Article 54(3) EPC. 

In FIG. 4a, the graph shows a comparison of the 
devices under an assumption that the device will deliver 
five maxmimum defibrillation countershock pulses per 
month and that pacing is not enabled. It will be noted 
that in a preferred embodiment of the present invention, 
the initial number of shocks is 150, as compared with 
275 for the other device. It will also be noted, however, 
that the expected minimum life span of both the single 
battery system 100 and the present invention 102 are 
equal at 30 months under these assumptions. 

In FIG. 4b, the graph shows a comparison of the 
devices under an assumption that the device will deliver 
one defibrillation countershock pulse per month and 
that pacing is not enabled. In this example, the dual bat- 
tery system 102 of the present invention has more 
remaining shocks after 30 months than the single bat- 
tery system, even though it started with almost one-half 
the initial number of shocks. 

In FIG. 4c, the graph shows a comparison of the 
devices under an assumption that the device will deliver 
no defibrillation countershock pulses and that pacing is 
not enabled. Again, due to the energy drain on the sin- 
gle battery system 100 associated with its monitoring 
functions, the dual battery system 102 of the present 
invention provides a longer life span with more average 
remaining shocks available over that life span. This 
graph also shows how the energy of the output battery 



remains relatively the same (i.e., same number of 
remaining shocks) when no output therapies are deliv- 
ered. 

In FIG. 4d, the graph shows a comparison of the 

5 devices under an assumption that the device will deliver 
one defibrillation countershock pulse per month and 
that pacing is enabled and will be utilized 50% of the 
time. Again, the dual battery system 102 of the present 
invention has a longer life span and more average 

10 remaining shocks over that life span. It is interesting to 
note that in this situation, the previous dual battery sys- 
tems described in the background art section would 
encounter a severe problem. After a period of 50% pac- 
ing, all of the energy from the low voltage battery would 

is have been drained, and the device would abruptly stops 
working, even though there were plenty of shocks 
remaining in the high voltage battery. It is speculated 
that this is one of the major reasons why implantable 
cardioverter defibrillators using the previous dual bat- 

20 tery systems were never manufactured. 

In FIG. 4e, the graph shows a comparison of the 
devices under an assumption that the device will deliver 
no defibrillation countershock pulses and that pacing is 
enabled and will be utilized 50% of the time. Once again 

25 the dual battery system 1 02 of the present invention has 
a longer life span and more average remaining shocks 
over that life span. As with the problem of the previous 
dual battery systems described with respect to FIG. 4d, 
such an end-of-monitoring life problem is even more 

30 pronounced in this situation as essentially all of the ini- 
tial energy of the high voltage battery remains unused in 
the previous dual battery systems, but the device is 
"dead" because the low voltage battery is drained of its 
energy due to the energy requirements of the pacing 

35 therapy outputs. 

Referring now to FIGs. 5a and 5b. a more detailed 
explanation of a preferred embodiment of the dual bat- 
tery power system of the present invention will be 
described. 

40 A pair of Lil monitoring battery cells 111. 112 pro- 
vide a low current, low voltage output of about 2.0 - 2.8 
V with a maximum current draw on the order of 10 
pAmps. The output of the monitoring battery cells 111, 
112 is capacitively decoupled by a capacitor 114. 

45 Schottky diodes 1 1 8 and 1 20 enable the power system 
to run the 3 V bus from the battery cells 111,11 2 during 
battery startup sequencing such that the device can be 
successfully initiated by first inserting the pair of battery 
cells 111,112 before the output batteries are inserted. 

so A pair of LiAgV 2 0 5 output battery cells 121. 122 
provide a relatively high current, high voltage output of 
4.0 to 6.5 V with a maximum current draw of between 
about 2.0 - 4.0 A. The high current output of the output 
battery cells 121, 122 is capacitively decoupled by a 

55 capacitor 124. A center point ground 126 isolates the 
high current portion of the circuitry from the low current 
portion of the circuitry, thereby allowing for simpler cir- 
cuit design and greater reliability of the low current por- 
tion of the circuitry. A voltage booster 1 30 insures a 6 V 
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supply on the 6 Volt Bus, while the diode 1 32 in the volt- 
age booster 130 isolates the boosted voltage from the 
battery cell voltage during periods of high current draw. 

An inverter circuit 140 uses the high current output 
and an Inverter Gate Drive Voltage of 12 to 18 volts pro- 
vided by a 3X charge pump circuit 142 from the 6 Volt 
Bus to drive a high-voltage flyback transformer in the 
inverter circuit 140. The output of the transformer 
charges a capacitor system (not shown) to produce the 
high voltage (50-800 V) capacitive discharge output 
pulse which forms either a cardioversion or defibrillation 
pulse countershock. The Inverter Gate Drive Voltage is 
capacitively decoupled by capacitor 1 44. 

The Main System Power is a regulated 3.0 V sup- 
plied primarily by the monitoring battery cells 111,112, 
unless the current draw on the Main System Power 
exceeds about 1 0 jiA. In the event of a current overdraw 
situation, such as when the microprocessor in 
inverter/output circuitry 38 responds to a wake-up con- 
dition, the output of the output battery cells 121, 122 is 
added to the output of the monitoring battery cells 111, 
112 to generate the required current The circuitry to 
accomplish this is shown generally at 150 and is 
described in greater detail in connection with the 
description of FIG. 6. 

The unregulated 2.5 V output of the monitoring bat- 
tery cells 111, 112 is supplied as an input to a 3/2 
charge pump 136 which, like the 3X charge pump circuit 
142, is driven by a 1 KHz output of a 32 KHz oscillator 
crystal 134. The charge pump circuit 136 raises the out- 
put of the monitoring batteries to about 3.75 V which is 
capacitively decoupled by capacitor 148. The 3.75 V 
output of the charge pump circuit 136 and the unregu- 
lated 6.0 Volt Bus are fed as inputs to a dual input volt- 
age regulator 152. A voltage/current reference circuit 
146 provides a reference voltage of 1.28 V and a refer- 
ence current of 100 nA to the voltage regulator 1 52. A p- 
n-p transistor 154 controls whether the 6.0 Volt Bus 
input will be added to the 3.75 V output of the charge 
pump circuit 136 if a current overdraw condition exists 
with respect to the monitoring battery cells 111, 112. 
The charge pump circuit 136 also provides a negative 
output of -2.0 to -2.5 V to supply the Main Power System 
negative voltage requirements for op amps, etc. 

Referring now to FIG. 6, a more detailed explana- 
tion of the operation of the backup feature of a preferred 
embodiment of the present invention is shown. A feed- 
back amplifier circuit 156 compares the reference volt- 
age signal from the voltage/current reference circuit 146 
to a divided down value of the 3 Volt Bus signal. The 
divide down is accomplished by resistors 158 and 160 
and capacitor 162. A FET transistor circuit 164 
responds to an output of the feedback amplifier circuit 
156 to keep the voltage on the 3 Volt Bus at 3.0 V. If the 
current drain through the gate of the FET transistor cir- 
cuit 1 64 is more than the maximum current draw for the 
monitoring battery cells 111,112, then the transistor cir- 
cuit 1 54 is turned on by feedback amplifier circuit 1 56 to 
supply the necessary overdraw current from the output 
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battery cells 121, 122 via the 6 Volt Bus. 
Claims 

1. A power system for an implantable cardioverter 
defibrillator that is a self-contained human implant- 
able device having monitoring means (34;54) for 
detecting myocardial arrhythmias in a human 
patient and output means (38,62) for selectively 
determining an appropriate electrical pulse therapy 
to be delivered in response to a myocardial arrhyth- 
mia detected by the monitoring means, and deliver- 
ing the appropriate electrical pulse therapy to two or 
more implanted electrodes, comprising: 

first battery means (111,112) for providing 
electrical power primarily to the monitoring 
means; 

second battery means (121,122) for providing 
substantially all of its electrical power to the 
output means; characterized by 
backup means (150) for allowing the second 
battery means (121,122) to provide electrical 
power to the monitoring means (34;54) in the 
event that the first battery means (1 1 1 , 1 1 2) can 
no longer provide electrical power to the moni- 
toring means. 

2. The power system of claim 1, characterized in 
so that the implantable cardioverter defibrillator 
includes a capacitor means for storing an electrical 
charge which is charged from the second battery 
means (121,122) and wherein the output means 
(38,62) selects the appropriate electrical pulse ther- 
35 apy from a set that includes: 

one or more cardioversion/defibrillation pulses, 
each cardioversion/defibrillation pulse being 
delivered by the output means as a capacitive 
discharge pulse from the capacitor means; and 
one or more pacing pulses, each pulse being 
delivered by the output means as an electrical 
pulse directly powered from the second battery 
means. 

The power system of claim 1, characterized in 
that said backup means (150) comprises: 

transistor means (154) operably connected to 
outputs of the first battery means (111,112) 
and the second battery means (121,122) to 
sense a current drain on the output of the first 
battery means and switch on the output of the 
second battery means to add to the output of 
the first battery means in the event that the cur- 
rent drain exceeds a maximum current drain of 
the first battery means. 

4. The power system of claim 1 further characterized 



40 



45 



50 



55 



~ 6 



11 



EP 0 650 383 B1 



12 



by 

voltage regulation means (152,156) opera- 
bly connected to an output of the first battery 
means (111,112) and to a reference voltage value 
for regulating the output of the first battery means to 5 
a predetermined voltage value. 

5. The power system of claim 1, characterized in 
that the first battery means (11 1,1 12) is a relatively 
low current source, and wherein the second battery 10 
means (121,122) is a relatively high current source. 

6. The power system of claim 5, characterized in 
that the relatively low current source is a 1.5 to 3.0 
volt battery (111,112) and the relatively high current 15 
source is a 6 to 1 8 volt battery (121,122). 

7. The power system of claim 1, characterized in 
that the first battery means (111,112) is one or 
more lithium iodide battery cells. 20 

8. The power system of claim 1, characterized in 
that said second battery means (1 21 , 1 22) is one or 
more battery cells selected from the group consist- 
ing of: 25 

lithium silver vanadium oxides, thionyl chlo- 
rides or rechargeable battery cells. 

Patentanspruche so 

1 . Stromversorgungssystem f Or einen implantierbaren 
Kardioverter- Defibrillator, der ein abgeschlossenes, 
einem Menschen implantierbares Gerat mit einer 
Uberwachungsschaltung (34;35) zur Gberwachung 35 
myokardialer Arrhythmien bei einem menschlichen 
Patienten und eine Ausgangsschaltung (38,62) zur 
wahlweisen Bestimmung einer geeigneten elektri- 
schen Impulstherapie, die bei Auftreten einer von 
der Uberwachungsschaltung festgestellten myokar- 40 
dial en Arrhythmie ausgefuhrt wird, enthalt, wobei 
die geeigneten elektrischen Thereapieimpulse zwei 
oder mehr implantierten Elektroden zugefuhrt wer- 
den; mit 

45 

einer ersten Batterieanordnung (111,112) zur 
Lieferung elektrischer Energie primar zu der 
Uberwachungsschaltung, 
einer zweiten Batterieanordnung (121,122) zur 
Lieferung im wesentlichen ihrer gesamten so 
elektrischen Leistung an die Ausgangsschal- 
tung, 

gekennzeichnet durch 

eine Notstromschaltung (150), welche es der 
zweiten Batterieanordnung (121,122) ermog- 55 
licht, elektrische Energie an die Uberwa- 
chungsschaltung (34;54) zu liefern, falls die 
erste Batterieanordnung (111,112) keine elek- 
trische Energie mehr an die Uberwachungs- 



schaltung liefern kann. 

2. Stromversorgungssystem nach Anspruch 1, 
dadurch gekennzeichnet, daB der implantierbare 
Kardioverter-Defibrillator eine von der zweiten Bat- 
terieanordnung (121,122) aufgeladene Kondensa- 
toranordnung zur Speicherung elektrischer Ladung 
enthalt, und daB die Ausgangsschaltung (38,62) 
die geeignete elektrische Impulstherapie aus fol- 
genden MOglichkeiten auswahlt: 

ein oder mehrere Kardioversion/Defibrillator- 
Impulse, von denen jeder durch die Ausgangs- 
schaltung als ein kapazitiver Entladungsimpuls 
aus der Kondensatoranordnung geliefert wird; 
bzw. 

ein oder mehrere Schrittmacherimpulse, deren 
jeder von der Ausgangsschaltung als ein 
unmittelbar aus der zweiten Batterieanordnung 
gespeister elektrischer Impuls geliefert wird. 

3. Stromversorgungssystem nach Anspruch 1, 
dadurch gekennzeichnet, daB die Notstromschal- 
tung (150) eine Transistoranordnung (154) enthalt, 
die derart an die Ausgange der ersten Batteriean- 
ordnung (111,112) und der zweiten Batterieanord- 
nung (121,122) angeschlossen ist, daB sie eine 
Stromentnahme am Ausgang der ersten Batterie- 
anordnung abfuhlt und den Ausgang der zweiten 
Batterieanordnung dann dem Ausgang der ersten 
Batterieanordnung hinzuschaltet, wenn die Strom- 
entnahme eine maximale Stromentnahme aus der 
ersten Batterieanordnung uberschreitet. 

4. Stromversorgungssystem nach Anspruch 1, 
gekennzeichnet durch eine Spannungsregel- 
schaltung (152,156), die mit dem Ausgang der 
ersten Batterieanordnung (111,112) und einer 
Bezugsspannungsquelle derart verbunden ist, daB 
sie den Ausgang der ersten Batterieanordnung auf 
einen vorbestimmten Spannungswert regelt. 

5. Stromversorgungssystem nach Anspruch 1, 
dadurch gekennzeichnet, daB die erste Batterie- 
anordnung (111,112) eine Quelle relativ niedrigen 
Strom es und die zweite Batterieanordnung 
(121,122) eine Quelle relativ hohen Stromes ist. 

6. Stromversorgungssystem nach Anspruch 5, 
dadurch gekennzeichnet daB die Quelle relativ 
niedrigen Stromes durch eine Batterie (111.112) 
einer Spannung von 1,5 bis 3 Volt und die Quelle 
relativ hohen Stromes durch eine Batterie 
(121,122) von 6 bis 18 Volt gebildet wird. 

7. Stromversorgungssystem nach Anspruch 1, 
dadurch gekennzeichnet, daB die erste Batterie- 
anordnung (111,112) durch eine oder mehrere 
Uthiumjodid-Batteriezellen gebildet wird. 
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8. Stromversorgungssystem nach Anspruch 1, 
dadurch gekennzeichnet, daB die zweite Batterie- 
anordnung (121 ,122) durch eine Oder mehrere Bat- 
teriezellen gebildet ist, welche zur Gruppe der 
Lithium-Silber-Vanadiumoxide, der Thionylchloride 5 
Oder der wiederaufladbaren Batteriezellen gehfl- 
ren. 

Revendications 

10 

1. Systeme d'alimentation destine a un dispositif de 
cardioversion defibrillation implantable qui est un 
dispositif implantable sur les humains et autonome, 
comportant des moyens de surveillance (34 ; 54) 
pour detecter les arythmies du myocarde chez un 15 
patient humain, et des moyens de sortie (38, 62) 
permettant de determiner de fagon selective une 
therapie adaptee d'impulsions electriques devant 
etre emises en reponse a une arythmie du myo- 
carde detectee par les moyens de surveillance, et 20 
d'emettre la therapie adaptee d'impulsions electri- 
ques a deux electrodes implantees ou plus, com- 
prenant : 

des premiers moyens a piles (111, 112) desti- 25 
nes a generer un courant electrique en priorite 
en direction des moyens de surveillance ; 
des deuxiemes moyens a piles (121 , 122) des- 
tines a generer sensiblement la totalite de leur 
courant electrique vers les moyens de sortie ; 30 
caracterise par 

des moyens de reserve (150) permettant aux 
deuxieme moyens a piles (121, 122) de gene- 
rer du courant electrique en direction des 
moyens de surveillance (34 ; 54) au cas ou les 35 
premiers moyens a piles (1 1 1 , 1 1 2) ne puissent 
plus fournir de courant electrique aux moyens 
de surveillance. 

2. Systeme d'alimentation selon la revendication 1, 40 
caracterise en ce que le dispositif de cardioversion 
defibrillation implantable comprend des moyens 
formant condensateur destines a stocker une 
charge electrique qui est chargee a partir des 
deuxiemes moyens a piles (121,1 22), et en ce que 45 
les moyens de sortie (38, 62) selectionnent la the- 
rapie adaptee d'impulsions electriques a partir d'un 
ensemble comprenant : 

une ou plusieurs impulsions de cardiover- 50 
sion/defibrillation, chaque impulsion de cardio- 
version/defibrillation etant generee par les 
moyens de sortie en tant qu 'impulsion de 
decharge capacitive emanant des moyens for- 
mant condensateur ; et 55 
une ou plusieurs impulsions de stimulation, 
chaque impulsion etant generee par les 
moyens de sortie en tant qu'impuision electri- 
que directement produite par les deuxiemes 



moyens a piles. 

3. Systeme d'alimentation selon la revendication 1, 
caracterise en ce que les moyens de reserve (150) 
comprennent : 

des moyens formant transistor (154) relies de 
facon fonctionnelle aux sorties des premiers 
moyens a piles (111, 112) et des deuxiemes 
moyens a piles (121, 122) pour detecter un 
courant absorbe a la sortie des premiers 
moyens a piles et commuter la sortie des 
deuxiemes moyens a piles, pour renforcer la 
sortie des premiers moyens a piles, au cas ou 
le courant absorbe depasse une valeur maxi- 
mum de courant absorbe par des premiers 
moyens a piles. 

4. Systeme d'alimentation selon la revendication 1, 
caracterise, en outre, par 

des moyens regulateurs de tension (152, 
156) relies de fagon fonctionnelle a une sortie des 
premiers moyens a piles (1 1 1 , 1 12) et a une valeur 
de tension de reference, afin de reguler la sortie 
des premiers moyens a pile sur une valeur de ten- 
sion predetermines. 

5. Systeme d'alimentation selon la revendication 1, 
caracterise en ce que les premiers moyens a pile 
(111,112) sont constitues d'une source de courant 
d'intensite relativement faible, et les deuxiemes 
moyens a piles (121, 122) sont constitues d'une 
source de courant d'intensite relativement elevee. 

6. Systeme d'alimentation selon la revendication 5, 
caracterise en ce que ia source de courant d'inten- 
site relativement faible est une pile (111, 112) de 
1,5 a 3,0 volts et la source de courant d'intensite 
relativement elevee est une pile (121, 122) de 6 a 
18 volts. 

7. Systeme d'alimentation selon la revendication 1, 
caracterise en ce que les premiers moyens a piles 
(111, 112) sont constitues d'une ou plusieurs piles 
de iodure de lithium. 

8. Systeme d'alimentation selon la revendication 1, 
caracterise en ce que les deuxiemes moyens a 
piles (121, 122) sont constitues d'une ou plusieurs 
piles choisies dans le groupe comprenant : 

des oxydes de lithium-argent-vanadium, des 
thionylchlorures de lithium ou des piles rechar- 
geables. 
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